A multilocus restriction typing (MLRT) method was developed to reduce the number of sequencing reactions required to determine the clonal relationships among serogroup B meningococci causing an epidemic in New Zealand. MLRT was a rapid, simple, and inexpensive method, and the results had an excellent correlation with multilocus sequence typing results.
A limited number of clonal complexes of Neisseria meningitidis cause the majority of disease worldwide (2, 9) . Methods to identify these hypervirulent complexes are important in surveillance of meningococcal disease.
Multilocus sequence typing (MLST) is the "gold standard" method to determine the genetic relatedness of meningococci (7) . The sequence data generated are unambiguous, easily standardized, and can discriminate between millions of sequence types (STs). Despite the valuable information afforded by MLST, the cost, time, and expertise required are prohibitive for its routine application to case isolates. Semiautomation reduces the time required to process each sample (3) , although this method is still expensive. It has been reported that MLST could only be justified when high sample numbers were processed, even using semiautomated MLST (3).
The limitations of MLST have led to the development of fluorescent-amplified fragment length polymorphism analysis (4, 6) , denaturing gradient gel electrophoresis MLST (5), and MLST-denaturing high-performance liquid chromatography (10) . All these methods have significant cost benefits in identifying the clones distinguished by MLST, although all require expensive equipment and a high level of technical expertise to perform.
More recently, Bennett and Cafferkey (1) reported a multilocus restriction typing (MLRT) methodology for N. meningitidis. MLRT typed meningococci based on restriction fragment length polymorphism analysis of the seven MLST PCR products. MLRT was a simple, rapid, inexpensive method, and its results correlated well with serological typing results. This report describes an MLRT method similar to that described by Bennett and Cafferkey (1) and compares MLRT and MLST results.
The MLRT method described in this report was developed using three reference strains from cases of disease in New Zealand (strains NZ91/40, NZ98/53, and NZ98/58). Each had the phenotype of the epidemic strain (B:4:P1.4), and before the commencement of this study, these were the only New Zealand case isolates with a known ST. Strains NZ91/40, NZ98/53, and NZ98/58 were subclones of the ST-44 complex with ST-42, ST-155, and ST-154, respectively.
MLST PCR products were amplified as described previously (7), with the addition of primers to amplify fumC (fumC-A1 5Ј-CACCGAACACGACACGATGG-3Ј and fumC-A2 5Ј-AC GACCAGTTCGTCAAACTC-3Ј). The PCR products were restricted with enzymes determined to differentiate between the common MLST alleles found in meningococci belonging to the ST-44 complex (Table 1) . MLST PCR products (4 l) were restricted for 4 h in 8-l single digests containing 4 U of restriction enzyme (New England Biolabs, Beverly, Mass.). MLRT digestion products were electrophoresed on a 2% agarose gel with 0.5ϫ Tris-borate-EDTA buffer at 5 V/cm for 2.5 h before being stained with ethidium bromide (1 g/ml) and visualized under UV light. The sizes of digestion products were compared to 100-and 50-bp molecular size markers (Invitrogen, Melbourne, Australia). Differences in the abcZ, fumC, and gdh MLRT profiles, which discriminate between ST-42, ST-154, and ST-155, could be visualized on an agarose gel ( Fig. 1) .
Restriction patterns from all seven loci were used to define the restriction type (RT). Restriction profiles from meningococci with known MLST alleles were assigned numbers according to the known allele. For example, strain NZ91/40 contains the gene coding for abcZ-10 and the abcZ restriction profile generated was defined as abcZ-10. Restriction profiles different from those found in meningococci with a known ST were arbitrarily assigned a letter. RTs from meningococci with a known ST were assigned the same number as the ST. For example, the RT found in strain NZ91/40 (ST-42) was defined as RT-42.
Before MLRT was applied to meningococci of unknown ST, both MLRT and MLST were applied to 18 meningococci with diverse phenotypes (Table 2) . A number of different MLRT profiles were found, although the majority of restriction profiles were the same as profiles found for strains NZ91/40, NZ98/53, and NZ98/58 ( Table 2 ), suggesting that the alleles found in the sample were the same.
MLST was carried out as described previously (7), with the addition of primers to sequence the fumC amplicon (fum-S1, 5Ј-TCGGCACGGGTTTGAACAGC-3Ј; and fumC-S2, 5Ј-CA ACGGCGGTTTCGCGCAAC-3Ј). To assign MLST allele numbers, data were submitted to the MLST database (http: //neisseria.org/nm/typing/mlst).
Sequence data confirmed MLRT predictions for all 18 meningococci. Meningococci with MLRT profiles that differed at five or more loci (strains NZ92/1, NZ96/59, NZ96/211, NZ97/ 43, and NZ99/144) when compared to MLRT profiles from the three reference strains were determined by MLST not to belong to the ST-44 complex (Table 2) . Strains NZ98/51, NZ98/ 75, and NZ99/254 had identical restriction profiles, when compared to the three reference strains, at six loci (Table 2) , and MLST showed they belonged to the ST-44 complex, yet were ST-2671, ST-2675, and ST-44, respectively ( Table 2) .
The excellent correlation between MLRT and MLST data means that MLRT could be used to determine the clonal complex causing disease, yet MLST data could still be used to compare results between laboratories. Therefore, MLRT retains the portability of MLST without a high level of dependence on sequence data.
Electrophoresis of MLRT digestion products is relatively time-consuming, although large numbers of meningococci can be assessed simultaneously. Additionally, interpretation of MLRT profiles is rapid, unlike analysis of sequence data, which can be very time-consuming.
Restriction enzymes do not have the ability to differentiate between all alleles in the MLST database. The use of MLRT to assess meningococci causing New Zealand's meningococcal disease epidemic was justified, as serological typing indicated the epidemic was caused by closely related meningococci (8) . MLRT did not differentiate between pdhC-6 and pdhC-211 (strain NZ98/51, Table 2 ). By contrast, strains NZ91/49 and NZ98/53 both contain the fumC-9 allele, yet they yielded different MLRT profiles. This was due to an additional StyI restriction site in the fumC allele in strain NZ91/49 that was outside the 450-bp region assessed by using MLST (result not shown).
The successful application of MLRT in this study and by Bennett and Cafferkey (1) demonstrates the wide range of potential applications for MLRT. The enzymes used by Bennett and Cafferkey (1) had the potential to discriminate between meningococci with a large number of different serological typing results, which were likely to belong to a different clonal complexes. By contrast, the meningococci assessed in our study predominantly belonged to the ST-44 clonal complex and the enzymes used were able to differentiate within the ST-44 clonal complex. As was found by Bennett and Cafferkey (1), MLRT profiles were reproducible and easy to interpret. Our results determined that there was an excellent correlation between MLRT and MLST. Importantly, MLRT distinguishes between the clones differentiated by use of MLST and would have minimal start-up costs and a reduced cost per sample.
